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　　　　　　　　　　　　　　　　　　　　　　　　　　Introduction
　In spite of the importance of research in airborne radioactivity the reports （jn it are
few compared with those on the fall-out activity. This may be mainly due to the greater
complication of apparatus ９万ndits handling than in the case of fall-out measurement.
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We have made an attempt of measurement using、ａ 、cotton fil!;ｅｒ、as the、airborne
collector、because it is easy to handle、 needing･no special device. Thoμfih it is as ｙｅ､t
in preliminary stage we can detect not ｏｎ】y artificial but also natural radioactivity
with fairly high collecting efficiency-
　　　　　　　　　　　　　　　　　　　　　　Ｅχperimental●
　The expsrimental arrangement ，0f the　absorbent cottor!　filteris shown in Fig. １
The main‘tt!bes are made of polyvinyl chloride plastics.
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　　　　　　　　　　　　　　Fig. 1　Arrangement of absorbent むotton filter　　　　　｀｡　’
　The Venturi･tube, which serves卵both inlet and flow rate indicator of the ａ沁　is
installed about ２ meters above the ground･　The cotton was packed from 5 t0 10 grams
in the first tube of ２０ cm lengtJi, and ２ t0 3 grams each in the following tubes of 10 cm.
The packing was made as uniformly as possible　by putting in loosened cotton piece by
ミ●●I　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　■piece･
　The suction continued　for about　16 hours, 斗arting generally at ･17 h 弓ｎｄ ending at
ｇ ｈ on the ｎｅχt morning. ･The power of the suction pump was I/３ Hp. In operation the
water level difference in the Ｕ- tube, attached to the Venturi-tube, >vas １.5 t0 2.0 cm
ｄｅｐがnding. on the　amount or condition of the packed cotton. Computing from these
　　　　　　　　　　　　　　・　　　　　　　　・　　　　　　　　　Ivalues it was found that the flow rate of the air was from ４.5 t0 4.８ mVh, the total
volume of the air sucked in being ７０｡t0 80 m3.
　Soon after, the end of collection, the　cotton was　ashed　at about 500°Ｃ in ａ porcelain
crucible.　Since, the .whole cotton could not be put in the crucible at the same time, it
ＷａＳ･taken in･ﾘttle ・byj little according ａ９it is ‘bμΓnt.. The. absorbent cotton is almost
ashless, so we りbtain only 10 mgr or less ashes from 10 gr cotton. The　ashes were
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transferred, into ａ measuring dish, made of stainless steel. .The remaining crucible was
　　　　！り‥‥‥‥ヽ.？　ヤ・｀‘･;い‥　　　∵　　‥‥‥‥‥‥リ･y　‥”∵－ノ,j’=’I’，ｙ lls･　√　’I゛｀･”゛
washed with ４ small amoiint of distilled water. Then this water was poured gently on
the ashes in the dish. Since water dissolves ashes very well, the dissolved ashes could
be fixed uniformly to the bottom ･of the di^ti'bythe evaporation of the water under ａ
heat-ray lamp･　＼　　　卜　　　　･，　　　イ　………!:J　べ･･･.　･･.　･･・　　　・.　･･
　The Ｇ. Ｍ. counter used was of the Model-100 type manufactiired by The Science
Research Institute, Tokyo, with mica-window ２.２ mg/cm^ in thickness, the measurring
distance b2ing ｌ cm. The counting efficiency of this ａｒl･angement was estimated to
be　about 15 per cent, １ cpm corresponding 3μμc, according to; the reference sample
Ｓｒ9o＋Y9o，ｐｒｅｐａｌ‘adby the same Institute-　　　　ぐ＼　　　　　　・・
　In order to detect short-lived groups such as Radon daughter products, counting was
begun as soon as the sample was ready, about 30 minutes after the ･end of the collection.
And counting was made every 30 t0 60 minutes for the initial 1Qﾂhours, twice on the
next day and once ａ day for the subsequent two weeks or more.
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Decay time, days‘
Fig. 2　Decay curves of airborne radioactivityｃｏ!lectedby absorbent cotton filter
　　　　　ｏtl･30 th April,.1957.　　　　　　　　　ヅ
　　　Airborne Radioactivity
Decay Curves ａｎｄ､theirAnalysis
３
　Ａ typical　decay curve　of　airborne　activity'is shown in Fig. 2.　The activity decays
rapidly, in the　initialpart, for about ３ hours　after the end of suction) after which ａ
slower dee ay‘follows for about ３ days, approaching finallyａ long-lived limiting tail.
　The　curve　is analyzed　into　three　components, one with ａ short・half･lifeof about 30
minutes, a second with an intermediate half-life of about 13 hours, and ａ third with
ａ long half-life. From their half-lives they were prasumed as Radon daughter products,
Thoron daughter products, and an artificialcomponent respectively. Extrapolating each
component back to the time of the end of suction, we　have obtained the　activity A'o at
that time for these three components.
　Assuming the activitiesare in equilibrium　and the collection is complete, the specific
activity of each component, A, that is, the activityin unit volume of the air, has been
evaluated as follows.　　　　　　　　　　　　　　　，
　The collected activity during the period dt at time Ｚbefore the end of suction is 刄zﾉぶ，
in which V is the flow rate ６ｆthe air. However, this decays as time goes on ａｎｄ･becomes
Avdt'e-λ'at the end of collection, whereλis the decay constant. ( Refer･ to Fig. 3）
　The activity,凡，ａt the end of suction, ；
which is the　sum of the　above　elementary
quantities, is given by integration of Avぷｒ入1
for the whole period of collection.
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　Fig. 3　Decay scheme of collected
　　activity during the time of colle-
　　ction.　　　　　　　’
time
　Sineｅ　Ｎｏ　ａnd７ can both b2 obtained by analysis of decay curves, and the ＣＯ】lecting
period　Ｚ　and　flow rayte v, are also known previously。the　specific activity /1. can be
evaluated by Eq. （2λ　゛
　In cas2S, however, extreme　values of　７ as for Radon products (small　r) or the
artificial part (large T), we can make an approximation in computation of ４..
　In the case of Radon daughter products。
　　　　　　　　　　　　　　　　　　　r=30 min = 0.5 hr,　　i!=16 h「
Then,Γμｉｎ Eq. (1) may ｂ２ aporoxi mated as
　　　　　　　　　　　　　　　　　　　　　　　　　n.693　　　　0.693　　6　　　　　　　　　　’‘ ど入t-.eT ^ =e・RF゛）（1今‘０
Hence　　　　　・　　　　　　　　　，　　　　　　　゛　　　　　　　　　　　　　　　　　　　　　　　　，
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　Next, the half-life of the artificialcomponent is very long (more tJian several days
at least), so the decay in time of collection is negligibleにThen we obtain readily
instead of Ｅｑ●（１）。　・　　　　ブ　　・
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　・　４　●　　　　「’べ=-Avt　　　　　　　　　　　　　　　　　　　●
???＝??????
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　We have used Eq. (3), (2) and (4) respectively for'the evaluation of Rn-products,
Tn-products and the artificialcomponent.　　　　　　ご．　　＼
　　　　　　　　　　　　　　　　　Collecting Characteristics
　To know the collecting characteristics of the　cotton filter,the activityin the cotton
in the tubas, I, I and l，……> indicated in Fig. 1, was measured separately- One
of the results is shown in Fig. 4, with decay bshavior. ,In this case the amount of
cotton in each tube was 2.5 grams and the. tｕbこlength 10 cm. The activityin the
fourth and fifthtubes was not indicated because it was vary,weak and scarcely countable.
　　　　　　　　　　　　　　　　Decay time, hr 。
Fig. ４　Decay cxirves of activity collected by different part of cotton,
　I, I and I are that of the first, the second and the third tube
　of ａ serie, each contains the same　2.5 gr･ cotton.
　The decay curves of t±iethree parts are similar, that is, parallel　to each other. This
means that the cotton has no selective collection for some component- For if it has any
selective collection for one component, ａ large quantity ･of this component should be
contained in the firstpart, so‘thatits decay must be differentfrom that of the succeeding｡
　As for collecting efficiency,it was also determined by the above separate measurements.
Since activities decay, we must take the valtiesat the same instant, in order to compare
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them with each other.　This can be done on decay curves.ニFor instance, in Fig. 4 at the
time one hour after･the end of collection they were ３１０cpm in･ I； 120 cpm in l,; 芦nd
11 cpm in≒!■;in the fourth･and succeeding it was neglecteぷ　Then the collecting effici-
ency of　I, I,Ⅲis 70-3, 27.2 and 2.５ per cent ･respectvivelyi　So that if we take
≠I,
the first2.5 grams of cotton, as sample the efficiency will be 70.3 per cent,.
while if the firsttwo parts, 5 grams of cotton, were taken it would become 97.5 per cent.･
Because the activity was thus for t±iemost part caught in the first5 grams or more cotton,
we lused generally as the filteronly ａ tube' of２０cm length filled with 5 to ７ grams of
Ｃｏt
Ｊ
ｏｎｊ　exceptin cases 'oftesting efficie-，.
ncy. The efficienciesthus determined are
tabulated in Table ｌ. From this we have
found that the efficiency will be almost
higher than ９５per cent if more than ５
grams of cotton is used;　　　　　　　　一
　　　　　　Results and Discussion
　　The results of measurements are tabul-
　ted in Table 2;　The apparent half lives
　of the respective components are about
　30 minutes, 11 hours, and more than
　several' days. Ｆｒと)ｍtｈｉＳwe have presu-
　med　that　the　components are Radon
　daughter　products,　　Thoron　daughter
　products, and artificial'elements respec-
　tively. The determination of half-life in
　the　graph　is　the　most vmcertain　for
Ｉ Radon-products　because　of their　rapid
　decay; its 'error is considered to　amovint
　t０　２０per cent or more in many cases･
　For　Ｔｎ一products this　uncertainty　is
　reduced considerably, the error being １０
　per cent at most.
　The figures below "(Tn-prd)6”in the
Table l. Collecting Ｅ伍ciency of
　　　　　　Absorbent Cotton.
Date
　Amount of cotton
(Sample):(Remainder)
　　sr.　　　　・只r●　　'
Collecting
E伍ciency
　　　％
1957
Feb. 3
　　　　4゛
　　　　5
　　　　6
　　　　8
　　　　9
　ぃ　14
　　　　15
　　・　21
　　　　22
　　　　23
Mar;l
　　　　4
　　　　13
　　　　18
　　　　19
　　　　20
　　　　21
　　　　25
　　　　27
　　７　　　　：’　　３
　　７　　　：　　３
　　７　　　：　　３
　　７　　　：　　３，
　　７　　　：　　３
　　７　　　：　　３
　　７　　　：　　３
　　７　　　：　　３　・
　　６　　　：　　３
　１０　　　：　　３
　１０　　　：　　３
　　９　　　：　　３
　　６　　　：　　３
　　６　　　１：　　３
　　５　．１　：　　２．５
　　７　　　：　　３
　　６　　　：　　　３
　　７　　　：　　３
゛７．５　　：　　２ｊ５
　７．５　　：　　２．５
　　　　95.9
　　　　95.3・
　　　　97.1
　　　　100
　　　　1010
　　　　99.1　･,，
　　　　97.9
　　　　96.6　’
　　　　96.7　’
　　　　97.5
　　　　98.8
　　　　96.5
　　　　98.0
　　　　98.0
　　　　94.5
　　　　93.5
　　　　92.9
　　　　.96.7
　　　　98.9
、　　99.9
(Mean) 97.2'
column of "Activity” ia Ｔａｂ!ｅ２ are merely the values of decay curve 6 hours after the
end of collection, divided by the total volume of air sucked in. It should be noted that
these values are nearly half of the specific activity of Thoron daughter products calculated
by Eq. (2). Accordingly, if accuracy is ｎｏt･specially required, the Thorbn daughter
　　　　　●　　●　1　・　　● d・　　●　　　　■　●　　　F　　　・　　　　・　　■-　I¶　　　　●●・activity can simply be given by doubling the ６ hours activity･･of the sample and ‘dividing
by the volume･ of air sucked in.
ｌ・　１
．Ｗ
　　　　　■¶　　　　　・　　　　　　I　　　　●　　　　　　　●　　　　　　　　1≒　　|●　　●　i　　●　　●　　　●　●Similarly, the figures below "(ArO,2” were obtaineci from the act vity 72 hours afte「
the end ６ｆ collection.･These values: are almost the same as those bbtaine･d bｙトＥｑ;‘（4）;
as expected from the long half-life･ 6f the artificiaトcomponent: and tｈｅ･ decaying brt ･6f
the short lived Rn and Tn products.
　６　　　　　　　　　　　　　　　　K. S O G A B E　　　ト
　Ths activity of each component is shown in Fig. ５. It is the highest in Radon daughter
products, bsing of the order of 10713 to 10’12c/1, next come Thoron daughter products of
the order of 10‘14 c/1, and the Artificail component has the lO west activity about 10’15 c/1･
Thus the ratio of their activity may be given roughly, by
　　(Rn-prd):(Tn-prd):（Ａｒt）＝1000 : 10 : 1　　　∧ｲ
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Fig. 5　Airborr!ｅ radioactivity
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　The daily changes of the Rn and Tn products activities are genera!ly parallel to each
other as may be expected, but that of the Artificial part is not parallel to them, nor is
the change itself so remarkable. In ADril, l957, an intense artificial activity as high ａＳ;
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　i7800 cpm/m^/day was found in fall-out dust ｏｎﾋﾟ16th, and 1140000 cpm/1 in rain water on
17th. Nevertheless we could not detect any such high activity in airborne dust on those
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　｀　●　d・　　　-I¥･days by our method. Only on 28th ａ rise of 6×10-'= c/1 was found cprresponding to the
fall-out activity of 1060 cpm/m^/day.　But even in this case the airborne acthﾝity was only
6 times higher than usual, wherease the fall･out activity was 30 times high.　The reasons
for this discrepancy is not yet known. An inquiring on this question must be made ａ４
well as a further examination of the method. ｀　　　・　，
AirborneRadioactivity
　　　　Summary
７
　The absorbent cotton filter was used to collect airborne radioactivity and its collecting
efficiency was found to be ９５per cent ol m゛ore, ao selectiveness being seen in collection.
　The activity was found to be of the order of 10'13　t0 10'12 c/１　in Radon daughter‘
products, 10'14 c/1 in Thoron daughter products, and １０ｒ15c/1 in the artificial component.
Thus, so far as oxir measurement is concerned, the artificial activity was low as compared
with that of the natural, and the daily change of the artificial activity did not correspond
to that of the fall･out activity, the reasons for which must be investigated.
　This　work　was　supported　in　part　by　the　Scientific Research　Expenditure of the
Ministry 'ｏｆEducation.
(Received : September 27，1957)
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